Objective: The AMP-activated protein kinase (AMPK) is involved in the control of food intake by the hypothalamus. The aim of this work was to investigate if modification of hypothalamic AMPK regulation could be related to the spontaneous food restriction of Lou/C rats, a strain resistant to obesity exhibiting a 40% reduction in caloric intake compared with their lean Wistar counterparts. Design: Three-month-old male Lou/C rats were compared with age-matched male Wistar rats in both fed ad libitum and 24-h food deprivation state. Measurements and results: We first confirmed that starvation activated both isoforms of AMPK catalytic a subunits and enhanced the phosphorylation state of its downstream targets acetyl-CoA carboxylase and elongation factor 2 in the hypothalamus of Wistar rats. These changes were not observed in the hypothalamus of Lou/C rats. Interestingly, the starvationinduced changes in hypothalamic mRNA levels of the main orexigenic and anorexigenic neuropeptides were also blunted in the Lou/C rats. Analysis of the concentrations of circulating substrates and hormones known to regulate hypothalamic AMPK indicated that the starvation-induced changes in ghrelin, adiponectin and leptin were not observed in Lou/C rats. Furthermore, an increased phosphorylation state of signal transducer and activator of transcription 3 (STAT3), which admittedly mediates leptin signaling, was evidenced in the hypothalamus of the starved Lou/C rats, as well as modifications of expression of the leptin-sensitive genes suppressor of cytokine signaling-3 and stearoyl-coenzyme A desaturase 1. In addition, despite reduced leptin level in fed Lou/C rats, the phosphorylation state of hypothalamic STAT3 remained similar to that found in fed Wistar rats, an adaptation that could be explained by the concomitant increase in ObRb leptin receptor mRNA expression. Conclusion: Activation of hypothalamic AMPK by starvation, which stimulates food intake through changes in (an)orexigenic neuropeptides in the normal rats, was not observed in the spontaneously hypophagic Lou/C rats.
Introduction
The hypothalamus plays a critical role in the regulation of energy homeostasis. [1] [2] [3] It regulates both feeding behavior and energy expenditure by integrating information from the periphery through nutrients and hormones such as glucose, insulin, leptin, adiponectin and ghrelin. These signals are mainly integrated in the arcuate nucleus by discrete neurons that produce either the orexigenic neuropeptide Y (NPY) and agouti-related protein (AgRP) or the anorexigenic proopiomelanocortin (POMC), the precursor of a-melanocytestimulating hormone, and cocaine-amphetamine-related transcript (CART). NPY neurons release AgRP and NPY, and have reciprocal connections with an adjacent population of neurons releasing a-melanocyte-stimulating hormone and CART. All these neuropeptides are nutritionally regulated. Indeed, starvation decreases circulating glucose, insulin and leptin and increases ghrelin and adiponectin levels, which in turn activate orexigenic and inhibit anorexigenic neurons leading to food intake. 4 Several studies have recently shown that the AMPactivated protein kinase (AMPK) plays a central role in the regulation of food intake by the hypothalamus. [5] [6] [7] [8] AMPK is a heterotrimeric serine/threonine protein kinase containing a catalytic (a) subunit and two regulatory (b and g) subunits.
AMPK is activated by an increase in AMP/ATP ratio as occurs after cellular ATP depletion. Therefore, AMPK was considered as a 'fuel gauge' involved in energy homeostasis at the cellular level by switching off anabolic pathways and turning on ATP-producing pathways, thereby allowing the cell to maintain its energy level. 9, 10 More recently, AMPK has been proposed to participate in the regulation of whole body energy homeostasis at the level of hypothalamus. [11] [12] [13] The activation of hypothalamic AMPK during starvation and its inactivation upon refeeding are mediated by nutritional changes in circulating hormones and nutrients. Indeed, glucose, insulin and leptin, which are known to inhibit food intake, inactivate hypothalamic AMPK, 5 whereas ghrelin and adiponectin, which stimulate food intake, activate hypothalamic AMPK. 6, 14 Antagonistic effects on food intake were also observed after pharmacological modulation of intrahypothalamic ATP levels by intracerebroventricular injection of 2-deoxyglucose or the fatty acid synthase inhibitor C75. 7 Furthermore, overexpression of a constitutively active form of AMPK 5 or intracerebroventricular injection of AMPK activators in the hypothalamus 6 stimulated food intake and body weight gain, whereas expression of a dominantnegative mutant of AMPK 5 had opposite effects. This AMPKmediated control of food intake involves modifications of the hypothalamic mRNA content of the major orexigenic and anorexigenic neuropeptides 5, 7, 8 but the underlying mechanisms are still unknown.
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While a growing body of evidence highlights the role of AMPK in the hypothalamic control of satiety and the development of hyperphagia, 15, 16 its involvement in the mechanism(s) underlying resistance to obesity has not been studied. The aim of our work was to investigate whether perturbation of hypothalamic AMPK regulation could be detected in the spontaneously hypophagic Lou/C rats, a strain derived from Wistar rat 17 and resistant to age-related obesity.
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Methods Animals Three-month-old age-paired male Lou/C and Wistar rats were kept in a controlled temperature (20-23 1C) and light (12 h/12 h cycle) environment with ad libitum access to food and water. Starvation was induced by food withdrawal 24 h before killing (at 0900 hours). Pair-fed Wistar rats were restricted for 8 weeks to the same amount of calories ingested by the Lou/C rats and were also starved for 24 h before killing. In separate experiments, animals starved for 24 h were placed in individual cages and their cumulative food intake was measured during the first 4 h following refeeding.
All procedures were performed in accordance with the principles and guidelines established by the European Convention for the Protection of Laboratory Animals.
Isolation of hypothalamus and blood samples After decapitation, hypothalamus was quickly removed (less than 1 min) and frozen in liquid nitrogen. The tissues were homogenized with ultra-turax in 750 ml of lysis buffer (50 mM Hepes (pH 7.6), 50 mM KCl, 50 mM NaF, 5 mM Na 4 P 2 O 7 , 1 mM EDTA, 1 mM ethylene glycol bis(b-aminoethylether)-N,N,N',N',-tetraacetic acid, 1 mM dithiothreitol, 5 mM b-glycerophosphate, 1 mM vanadate, 1% NP40) supplemented with a cocktail of protease inhibitors (4 mg ml À1 leupeptin, 1 mM benzamidin and 0.2 mM phenylmethylsulfonylfluoride). Supernatants (12 000 g, 10 min), which are referred to as 'extracts' in the text, were kept at À80 1C until analysis. Blood from truncated rats was sampled and kept 45 min at room temperature before centrifugation. The supernatant containing serum was then removed and kept at À80 1C for further analysis. For ghrelin assay, blood was sampled in tubes containing EDTA and supernatants were immediately acidified with 0.1 N HCl.
AMPK assay AMP-activated protein kinase was immunoprecipitated from hypothalamic extracts with specific antibodies directed against a1-or a2-AMPK catalytic subunits (gift from DG Hardie, Dundee) and activity was assayed as described.
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Western blot analysis Tissue extracts were separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis and transferred to polyvinylidene difluoride membranes. Expression of AMPK, eukaryotic elongation factor 2 (EF2) and signal transducer and activator of transcription 3 (STAT3) were assessed by immunoblots using a1-and a2-AMPK, EF2 (Santa Cruz, Santa Cruz, CA, USA) and STAT3 (Cell Signaling, Danvers, MA, USA) antibodies respectively. Total acetyl-CoA carboxylase (ACC) was determined using streptavidin linked to horseradish peroxidase (Bio-Rad, Munich, Germany). Phosphorylation state of ACC and EF2 were measured with anti-phosphoSer79 (Upstate, Chicago, IL, USA)-and anti-phospho-Thr56 (gift from S Horman, Brussels)-specific antibodies respectively. Hypothalamic distribution of a1 and a2 isoform of AMPK was measured by immunoblotting 30 mg of proteins from liver and hypothalamus extracts of Wistar rats. STAT3 phosphorylation was determined using specific anti-phospho-Tyr705 antibody (Cell Signaling) after immunoprecipitation of STAT3. Quantification was performed by densitometry using Image J 1.32 (NIH, USA).
Measurement of blood parameters
Glucose and 3-hydroxybutyrate were measured enzymatically 22 and non-esterified fatty acids by colorimetric assay 
Results
Spontaneous hypophagia of Lou/C rats The spontaneous hypophagia of Lou/C rats is already present at 3 weeks of age, immediately after weaning, reaches a plateau (BÀ40%) at 8 weeks of age and then remains constant for the rest of their life (average food intake of 549±17 vs 317±3 kcal week À1 for Wistar and Lou/C rats respectively, Po0.05). Body weight of the 3-month-old rats used in our study was significantly reduced in Lou/C compared with Wistar (273 ± 6 vs 380 ± 6 g respectively, Po0.05, n ¼ 5), in agreement with previous reports.
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Lack of activation of AMPK by starvation in the hypothalamus of Lou/C rats The activity of the a1 and a2 isoforms of AMPK was measured in hypothalamic extracts from fed and 24 hstarved Lou/C rats and from their age-related Wistar counterparts. In the fed state, the content and activity of both AMPK isoforms were not different in the two strains of rats (Figures 1a-c). The a2 AMPK activity was similar to that previously reported 8 but represented only 5% of the total activity of AMPK, in agreement with the repartition of a isoforms of AMPK reported for the whole brain. 24 Immunoblots with specific antibodies confirmed that the a1 isoform of AMPK was predominant in the whole hypothalamus. The liver, which contains about equal amounts of both AMPK isoforms, was taken as a control ( Figure 1d ). Starvation increased the activity of both isoforms of hypothalamic AMPK in Wistar rats ( þ 36 and þ 77% for a1 and a2 respectively, Po0.05; Figures 1a and b) , as previously reported, 5 whereas it failed to do so in the Lou/C rats.
Immunoblots showed that AMPK content was similar in all conditions thus excluding a long-term effect ( Figure 1c) . Interestingly, the lack of starvation-induced hypothalamic AMPK activation in Lou/C rats was associated with a 50% reduction in their cumulative food intake during the first 4 h following refeeding (Figure 1e ). To know whether the lack of AMPK activation could be due to the lower caloric intake of the Lou/C rats, we repeated the experiment in a group of pair-fed Wistar rats (40% less calories than control Wistar rats). However, starvation was still able to activate AMPK in these food-restricted Wistar rats (Figures 1a and b) . The phosphorylation state of ACC and EF2, two known targets of AMPK, 25 was increased by starvation in control
Wistar but not in the Lou/C rats, the total ACC and EF2 contents being not affected (Figures 2a-d ). This result confirms the lack of AMPK activation by starvation in the hypothalamus of Lou/C rats ( Figure 1 ).
Lack of starvation-induced changes in mRNA levels of neuropeptides controlling food intake in the hypothalamus of Lou/C rats We measured mRNA levels of the major known orexigenic and anorexigenic neuropeptides by quantitative RT-PCR in hypothalamus extracts from fed and 24 h-starved Wistar and Lou/C rats ( Table 1) . As expected, starvation increased hypothalamic mRNA levels of NPY, AgRP, melanin-concentrating hormone (MCH) and orexin and concomitantly decreased mRNA levels of POMC and CART in Wistar rats. Interestingly, starvation did not significantly change the mRNA levels of both orexigenic and anorexigenic neuropeptides in Lou/C rats, although a trend towards an increase in NPY and AgRP was observed. It should also be noted that in the fed state, the mRNA level of MCH was higher, whereas that of POMC was lower in the hypothalamus of Lou/C than in Wistar rats.
Different hormonal and metabolic responses to starvation in Wistar and Lou/C rats We measured the circulating concentrations of several metabolites and hormones known to be involved in the control of hypothalamic AMPK. In Wistar rats, all the previously described positive and negative regulators of hypothalamic AMPK changed during starvation (Table 2) as expected, 5, 6, 8, 14 and these changes were in agreement with the activation of hypothalamic AMPK. Indeed, starvation decreased glucose and insulin concentrations, and concomitantly increased ghrelin and adiponectin. Interestingly, hypothalamus extracts from fed or 24 h-starved Wistar and Lou/C rats and from 24 h-starved pair-fed Wistar after immunoprecipitation with specific antibodies for both isoforms. Total hypothalamic AMPK content was assessed by immunoblots using a1 and a2 antibodies (c, inset) and is expressed in arbitrary units as the ratio over the fed Wistar group (c). The results are means ± s.e.m., n ¼ 9. * ,$ Po0.05 compared with fed state and Wistar group respectively. The distribution of a1 and a2 AMPK content in the hypothalamus was compared with that in the liver (d). Cumulative food intake of Wistar and Lou/C rats starved for 24 h was measured 4 h after refeeding (e). The results are means ± s.e.m., n ¼ 6. Hypothalamic AMPK and food intake in Lou/C rats N Taleux et al while glucose and insulin levels were lower in fed Lou/C compared with Wistar rats, the starvation-induced relative decrease in both parameters was not significantly different between the two strains. By contrast, the increase in circulating level of ghrelin induced by starvation in Wistar was not evidenced in Lou/C rats, whereas its concentration was similar in the fed state. Moreover, adiponectin concentration was significantly higher in fed Lou/C compared with fed Wistar rats and was also slightly increased by starvation, but only in Wistar rats. Leptin is one of the best known negative effectors of hypothalamic AMPK. 5, 6 Thus, we confirmed here that starvation induced a threefold decrease in circulating leptin (Table 2) , which correlated with an activation of AMPK in the hypothalamus of Wistar rats. However, while the leptin level was significantly reduced in fed Lou/C rats, as previously reported, 19, 20, 26 the starvation-induced decrease in leptin concentration evidenced in Wistar was not present in Lou/C rats. The Janus kinase (JAK)-STAT pathway is believed to mediate leptin signaling in the hypothalamus mainly via an increase in STAT3 phosphorylation. 27 Interestingly, starvation induced a significant decrease in STAT3 phosphorylation in the hypothalamus of Wistar but not in Lou/C rats (Figures 3a-c) . To note, STAT3 phosphorylation was the same in the fed state for the two strains, whereas leptin level was lower in the Lou/C rats. In line with these results, mRNA level of leptin receptor B (ObRb) was significantly higher in the hypothalamus of fed Lou/C compared with fed Wistar rats and was increased by starvation, but only in Wistar rats (Table 3) . Furthermore, we analyzed the effect of starvation on the expression of the suppressor of cytokine signaling-3 (SOCS-3), a known downstream target gene that is upregulated following STAT3 phosphorylation. While the starvation-induced decrease in the mRNA levels of SOCS-3 was evidenced in both strains, the hypothalamic content of this transcript was greater in starved Lou/C than in starved Wistar rats. In addition, stearoyl-coenzyme A desaturase 1 (SCD-1), another target gene known to be specifically repressed by leptin, 28 was clearly downregulated in Lou/C rats ( Table 3 ). The mRNA content of STAT3, JAK2, the protein tyrosine phosphatase-1B (PTP1B) and SCD-2 was not modified in both strains whatever the nutritional state (Table 3) . Finally, none of the two other pathways mediating leptin action, that is PI3K/PKB and MAPK/ERK, were apparently modified by starvation in either strain (data not shown). Taken together, these data indicate the persistence of an active leptin-STAT3 pathway in the hypothalamus of starved Lou/C rats. We could not detect any significant modification in intrahypothalamic ATP concentrations in whole hypothalamus of both strains whatever the nutritional state be (1.80±0.08 vs 1.80±0.14 nmol ATP per mg wet weight in fed state and 1.65±0.09 vs 1.79±0.11 nmol ATP per mg wet weight in starved Wistar and Lou/C rats respectively; n ¼ 5), indicating that the lack of AMPK activation by starvation in Lou/C rat could not be related to acute changes in hypothalamic adenine nucleotides.
Discussion
The main finding of our work is that the starvation-induced AMPK activation was lacking in the hypothalamus of the Lou/C rats. Normally, food deprivation modulates circulating levels of nutrients and hormones, which lead to AMPK activation in the hypothalamus and to a subsequent increase and decrease in the mRNA content of the orexigenic and anorexigenic neuropeptides respectively, which in turn stimulate food intake. These nutritionally induced changes are obviously lacking in the Lou/C rats. Therefore, our results confirm the pivotal role of hypothalamic AMPK in the control of food intake and demonstrate for the first time that a deficiency of this control is observed in Lou/C rats, a strain of hypophagic rats resistant to obesity.
Role of hypothalamic AMPK in the control of food intake Circulating nutrients and hormones reflect energy balance and body adiposity and act as signals that are integrated in Hypothalamic AMPK and food intake in Lou/C rats N Taleux et al the hypothalamus, which in turn control neuropeptides modulating food intake. An increasing number of reports demonstrate that hypothalamic AMPK could mediate this process. However, most findings come from short-term and direct intrahypothalamic injection of drugs [6] [7] [8] 13 and hormones 5 or from genetic loss or gain-of-function experiments. 5, 16 Recently, Namkoong et al. 16 showed that insulin and leptin deficiencies in streptozotocin-diabetic rats led to increased hypothalamic AMPK activity, orexigenic neuropeptide expression and hyperphagia, all being prevented by intracerebroventricular administration of compound C, a specific inhibitor of AMPK. We describe here an opposite model, that is rats exhibiting spontaneous food restriction. In this peculiar hypophagic strain, the lack of starvationinduced AMPK activation in the hypothalamus correlated with a lack of change in the mRNA content for the main neuropeptides controlling food intake, suggesting that the innate deficiency is upstream of AMPK.
Regulation of AMPK activity in the hypothalamus of Lou/C rats As AMPK is highly sensitive to the AMP:ATP ratio, the lack of starvation-induced AMPK activation in the hypothalamus of Lou/C rats could be due to a different response to changes in hypothalamic metabolism induced by nutrients and hormones. However, we were unable to detect any significant difference in ATP levels after starvation in both strains of rat, indicating that changes in adenine nucleotides cannot be invoked to explain the starvation-induced activation of hypothalamic AMPK in Wistar rats and the lack of this effect in Lou/C rats. Therefore, other factors should be considered. Starvation induced a similar relative decrease of glucose and insulin levels in both strains, suggesting that these two well-known negative effectors of hypothalamic AMPK were not involved in the lack of starvation-induced activation of AMPK in Lou/C rats. Although glucose and insulin levels were significantly lower in the fed Lou/C compared with Wistar rats, as previously reported, 20 ,26 the hypothalamic AMPK activity was not modified, suggesting an adaptation of glucose/insulin signaling to the lower circulating levels in Lou/C rats. As previously suggested, 15 this underlines the fact that dynamic changes rather than absolute levels of AMPK effectors are mainly involved in hypothalamic regulation of the kinase. According to a recent work from Kadowaki's group, we could also speculate that the higher adiponectin levels evidenced in the fed Lou/C rats would explain why AMPK activity is similar in fed Wistar and Lou/C rats despite reduced circulating levels of insulin and glucose in the latter strain. Indeed, adiponectin has been shown to cross the blood-brain barrier and increase hypothalamic AMPK activity in arcuate nucleus. 14 In addition, adiponectin could also reverse the leptin-induced suppression of hypothalamic AMPK activity and its subsequent inhibitory effect on food intake by a mechanism that requires the presence of its AdipoR1 receptor. Hypothalamic AMPK and food intake in Lou/C rats N Taleux et al
Circulating ghrelin, which activates hypothalamic AMPK and stimulates food intake, 6 increased more than twofold in Wistar but not in Lou/C rats during starvation, suggesting that this could result in reduced AMPK activation in the Lou/C rats. However, although the ghrelin-induced food intake is thought to be mediated via the orexin pathway in the hypothalamus, 29 no clear-cut differences in mRNA levels of orexin (Table 1) or of the neuropeptide itself 26 were found between the two strains of rat. In addition, ghrelin-deficient mice exhibited normal basal levels of hypothalamic orexigenic and anorexigenic neuropeptides and their feeding behavior was not affected, indicating that ghrelin is probably not an essential regulator of food intake and has, at best, a redundant role in the regulation of appetite. 30 However, we cannot rule out that subtle cross talks between ghrelin and other hormones, notably adiponectin and leptin, could be involved in hypothalamic regulation of food intake, leading to a further degree of complexity.
Modifications of leptin signaling in the hypothalamus of Lou/C rats Hypothalamic action of leptin is believed to play a critical role in maintaining normal food intake and body weight since leptin resistance in the hypothalamus is often associated with hyperphagia and obesity. [31] [32] [33] In Wistar rats, serum leptin level was decreased by threefold during starvation and both the leptin-mediated activation of STAT3 and induction of SOCS-3 expression were also reduced in the hypothalamus. Since leptin is one of the most potent negative regulator of hypothalamic AMPK, 5, 6 this could explain, at least in part, the activation of AMPK in this condition. As previously reported, 18 the Lou/C rats exhibited lower leptin levels compared with Wistar rats in fed state, this being probably related to their reduced fat depots. Interestingly, despite the difference in leptin levels between the two strains, STAT3 phosphorylation was similar during fed state, reflecting an adaptation of leptin signaling in the hypothalamus of Lou/C rats (see Table 2 and Figure 3c ). This could be due to upregulation of ObRb gene expression in this condition (Table 3) , confirming previous reports showing that the leptin-mediated phosphorylation of STAT3 is specifically dependent on this isoform of leptin receptor. 34, 35 More importantly, while circulating leptin and STAT3 phosphorylation were clearly decreased by starvation in Wistar rats, they remained unaffected in starved Lou/C rats, so that STAT3 phosphorylation was almost 50% higher in Lou/C Figure 4 Proposed mechanism for the lack of starvation-induced hypothalamic AMPK activation and hypophagia in Lou/C rats. Starvation fails to activate AMPK in the hypothalamus of the Lou/C rats (right panel) in contrast with Wistar rats (left panel). Upstream of AMPK, this lack could be related to the persistence of an active leptin signaling and/or the lack of increase in circulating ghrelin in Lou/C rats. In agreement with the former interpretation, STAT3 phosphorylation was increased and expression of SOCS-3 and SCD-1, the target genes of leptin, was increased and decreased respectively. Downstream of AMPK, ACC was less phosphorylated in Lou/C rats. The expected consequences are elevated malonyl-CoA concentration, leading to subsequent inhibition of mitochondrial fatty acid oxidation, and increased level of LCFA-CoA. Taken together, the hypothalamic integration of these signals results in the absence of starvation-induced changes in neuropeptide expression and inhibition of food intake in Lou/C rats. ACC, acetyl-CoA carboxylase ; AMPK, AMP-activated protein kinase; CPT-1, carnitine palmitoyl transferase 1; FA, fatty acids; FAS, fatty acid synthase; LCFA-CoA, long-chain fatty acyl coenzyme A; SCD-1, stearoyl-coenzyme A desaturase 1; SOCS-3, suppressor of cytokine signaling-3; TG, triglycerides.
Hypothalamic AMPK and food intake in Lou/C rats N Taleux et al compared with Wistar rats. The leptin-induced STAT3 phosphorylation is known to negatively regulate the transcription of NPY and AgRP, and conversely stimulate expression of POMC and CART. [36] [37] [38] Thus, the increased STAT3 phosphorylation in starved Lou/C rats could explain some of the differences found in hypothalamic neuropeptide expression. Finally, while changes in ghrelin and adiponectin signaling are not definitively ruled out, our results suggest that a modification of signaling pathway triggered by leptin in hypothalamus of the Lou/C rats could, at least in part, contribute to the lack of AMPK activation during starvation and the subsequent neuropeptide-mediated hypophagia. However, the mechanism(s) by which these circulating hormones regulate AMPK is still unknown, although this may involve changes in upstream AMPK kinases. 6 Furthermore, the link(s) between AMPK and neuropeptide expression in the hypothalamus remains to be identified. Moreover, since discrete regions of the hypothalamus constitute a complex network involved in the regulation of food intake, 5 it would be of interest to study changes in AMPK activity and/or neuropeptide mRNA levels in various hypothalamic nucleus in Lou/C compared with Wistar rats. It has been recently reported that modulation of malonylCoA and/or long-chain fatty acyl coenzyme A (LCFA-CoA) concentrations in the hypothalamus acts as potent regulators of food intake. [39] [40] [41] [42] [43] ACC controls fatty acid partitioning between lipid synthesis and oxidation by its product malonyl-CoA, which inhibits the entry of long-chain fatty acids into the mitochondria via the carnitine palmitoyl transferase 1 (CPT-1). Accordingly, inactivation of ACC by AMPK decreases malonyl-CoA concentration and eventually favors fatty acid oxidation. 44 Our results in Lou/C rats are consistent with the proposed 'hypothalamic fatty acid sensing hypothesis', 45, 46 which involves hormone-mediated lack of AMPK activation during starvation, thus preventing subsequent ACC phosphorylation and inactivation, which in turn would maintain elevated intrahypothalamic malonyl-CoA and/or LCFA-CoA content and inhibits feeding (Figure 4 ). In addition, we propose that a decrease in SCD-1 expression, a rate-limiting enzyme catalyzing the synthesis of monounsaturated fatty acids from LCFA-CoA, [47] [48] [49] which is known to be specifically repressed by leptin, 28 could also participate in the higher intrahypothalamic level of malonyl-CoA and/or LCFA-CoA by decreasing triglycerides and phospholipid synthesis.
Conclusions
We confirm in this study that hypothalamic AMPK activity is modulated by nutritional state in Wistar control rats, this being correlated with variation of both circulating glucose, insulin, ghrelin, adiponectin and leptin, and whole hypothalamic mRNA levels of orexigenic and anorexigenic neuropeptides. In addition, we show that this AMPK-mediated hypothalamic pathway controlling food intake is not activated during starvation in Lou/C rat, a rodent model of resistance to age-related obesity exhibiting spontaneous hypophagia. This lack of activation could result from intricate modifications in the nutritionally induced secretion of ghrelin, adiponectin and leptin and/or a modulation of hypothalamic leptin signaling.
